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1. SUMMARY 
 
There is worldwide concern that insect pollinators are on the decline in both diversity and 
abundance, and such declines might have significant negative impacts on agricultural production and 
as such food and nutritional security in a number of developing countries such as Kenya. Reasons for 
this decline include, among others, habitat fragmentation, use of pesticide in intensive agriculture, 
effects of climate change, and poor public awareness on the role of pollinators in agricultural 
production systems. In Kenya, most crop production is small-scale based with the producers 
practising mixed cropping system. Despite the fact that most of these crops relying on pollinators for 
fruit and seed set, their pollinators remain unknown making pollinator utilization as well as 
conservation difficult.  
The results from this study indicate that crops grown in the farmlands of Kakamega forest are 
pollinator limited in terms of both yield and quality. Spider plant (Cleome gynandra L.), and slender 
leaf (Crotalaria brevidens Benth), relies heavily on pollinators for fruit and seed set with more than 
90% pollinator dependence ratio. Broad-leafed African nightshade (Solanum scabrum) pollinator 
dependence ratio is only 10%. Unrestricted visits from pollinators not only increased the seed set but 
also the seed quality. In C. brevidens, percent seed germination was low (30%) in seeds from 
pollinator exclusion treatments, but high (76%) in hand cross-pollination and open pollination with 
unrestricted pollinator visit (72%). C. gynandra germination was low, with hand cross-pollination at 
dusk having 42%. S. scabrum recorded high germination (80%) in all the treatments.  
Pollinator effectiveness studies indicated that wild unmanaged bees were the most effective, 
and perhaps could be the most important in the production of most crops. For instance, spider plant 
was effectively pollinated by the short-tongued hawkmoths: Hippotion eson, H. osiris, Nephele 
aequivalensi and Agrius convolvuli. They were more frequent and had high frequencies of 
individuals with C. gynandra pollen present on their proboscises. Solitary bees, Megachile spp. and 
Xylocopa spp. were the most frequent floral visitors to C. brevidens with relative abundance of 
90.9% and 8.4% respectively. Megachile rufipes was the most promising pollinator due to its high 
pollinator effectiveness (0.91). Meanwhile smaller bees belonging to the families Apidae (Plebeina 
hildebrandti) and Halictidae (Lasioglossum sp.) were the most important pollinators of karela 
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(Momordica charantia). Their pollinator effectiveness was 0.88 each on karela. The latter was also 
the most effective (3) compared to Tetraloniella buharti (0.9) for pollination of okra (Abelmoschus 
esculentus). Carpenter bees (Xylocopa calens) and honeybees (Apis mellifera) were important for the 
pollination of eggplant and broad-leafed African nightshade.  
Honeybees (Apis mellifera) awere considerd a practical and feasible option to improve fruit 
set and yield of greenhouse tomatoes. Flowers visited by A. mellifera recorded high fruit set (80%), 
higher number of seeds per fruit and heavier fruits compared to no facilitated pollination. Factors that 
would affect their efficiency are discussed and recommendation given herein. Although, Meliponula 
bocandei and M. feruginea did not visit tomato flowers, their use in the pollination of other 
upcoming greenhouse crops such as courgettes and Brassica vegetable seed production should be 
studied. Evaluation of buzz pollinators like Amegilla and Xylocopa species for pollination of 
tomatoes under such enclosures will be of great interest. 
The economic value of pollination service stood at US$ 400 million while the vulnerability to 
pollinator loss was estimated to be 9%. Regionally, Eastern province of Kenya had the highest 
economic gain from pollination service (US$ 74 million), followed by Nyanza (US$ 61 million) and 
Coastal province (US$ 48 million), but the three provinces most vulnerable to pollinator loss were 
Nairobi (52%), Coast (45%), and North Eastern (40%).  
Generally, the results indicate that seed production of the African Indeginous leafy 
Vegetables (AILVs) must consider the role pollinators play in the seed set and quality. It is important 
therefore, that their habitats be conserved to ensure farmers benefit from their pollination provision. 
Other than Apis mellifera most of these pollinators are wild and unmanaged, and nest in soil, dry 
wood and stems, an ecosystem management approach is recommended for maximum pollination 
benefit. With the immense economic gains from pollinators, the importance of maintenance and 
conservation of pollinators’ habitat cannot be underlooked. This study also highlighted the role of 
native bees in the pollination of crops and identified the most effective for future breeding, artificial 
nesting block development and the overall conservation of native pollinators for managed 
pollination.  
Recommendations such as awareness campaigns for policy makers, farmers and the public, 
and the investments in pollination research by both private and government research institutions are 
made. Breeding and mass production of pollinators for managed crop pollination and improved crop 
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productivity, livelihood improvements, and food and nutritional security should form priority future 
research areas. 
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2. GENERAL INTRODUCTION 
 
2.1 Pollination and pollinators   
Pollination is the process of pollen transfer from male flower parts (anthers) to the female 
flower parts (stigma) on the same flower, on another flower on the same plant or another plant of the 
same species at times over distances (Roubik, 1995; Lord and Russel, 2002). Fertilization of the 
ovules can only proceed once viable pollen has been deposited on the receptive stigma. Pollination 
therefore is a crucial step in the sexual reproduction of most plants. Plant species may be self-fertile 
or self–infertile. Self-fertile species can set fruit and seed from their own pollen (self-pollination) 
while self–infertile species must receive pollen from other plants of the same species (cross-
pollination) in order to set any fruit and seed (Free, 1993). Cereals, for example rice, barley, wheat, 
maize, sorghum, etc are wind pollinated. Their flower morphology is constructed such that pollen is 
easily transported through wind or spontaneously during flower opening onto the receptive stigma. 
Still, cereals such as maize have been considered to be important pollen sources for honeybees and a 
wide range of solitary bees (Vaissiére and Vinson, 1994). Self-fertile plant species benefit from 
pollen vectors’ visitation and may have better fruit yield and seed quality when cross-pollinated than 
when self-pollinated (Free, 1993). This degree of dependence on insects for pollination depends on 
the structure of the flowers in relation to the pollinator and their degree of self-fertility (Free, 1993; 
Richards, 2001). In cross-pollination, many plants rely on animals especially insects as pollen vectors 
(McGregor, 1976; Free, 1993). Most animal-mediated pollination systems are considered mutual 
relationships where plants provide the much needed food source through their nectar, pollen, oils, 
and even nesting sites as rewards while the insects act as pollen vectors (Faegri and van der Pijl, 
1979). During the collection of these rewards, pollen from the flower’s anthers may stick to the 
animal body. On subsequent visits by the animal to the next flowers while searching for more 
rewards, pollen from its body may adhere to the stigmas of these flowers thereby effecting cross-
pollen movement. For many plants, insects are the main pollen vectors but several species of birds, 
bats and other mammals also regularly visit and pollinate flowers.  
Different plants including crops tend to exhibit an array of flower morphologies, nectar, and 
pollen characteristics that may reflect the morphology and physiology of certain pollinator types. 
Based on such characteristics, Faegri and van der Pijl (1979) classified pollination syndromes of 
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animal pollinated flowers (blossoms) as cantharophily (beetle-pollinated), ornithophily (bird-
pollinated), chiropterophily (bat-pollinated), melittophily (bee-pollinated), myophily (fly-pollinated), 
psychophily (butterfly-pollinated) and phalaenophily (moth-pollinated among others). For example, 
bilaterally symmetric flowers, yellow or blue in colour with nectar guides present, relatively 
concentrated and moderately hidden nectar are reportedly adapted for bee pollination. On the other 
hand, flowers adapted to hawkmoth pollination have nocturnal anthesis, with white or faintly 
coloured petals, lack nectar guides but with deeply hidden nectar tubes (Faegri van der Pijl, 1979). 
Although, a plant may exhibit a particular pollination syndrome, a wide array of floral visitors may 
visit the flowers for nectar and pollen rewards (Ollerton, 1996; Waser et al., 1996). However, not all 
flower visitors are potential pollinators. Inouye (1980) and Roubik (1995) classified various types of 
visitors to plants on the basis of their behaviour in relation to pollen or nectar collection as (a) 
pollinators, (b) thieves referring to those visitors who obtain the reward without damaging the flower, 
but do not pollinate it due to a mismatch of morphologies, and (c) robbers, that is, those visitors who 
obtain the reward by damaging floral tissues and do not effect pollination. Bees are by far the most 
important pollen vectors for most plant species including a number of agricultural crops worldwide 
(Free, 1993). 
 
2.2 Importance of pollinators in agriculture 
Only until recently has the importance of pollinators in agriculture gained momentum (Kevan 
and Phillips, 2001). McGregor (1976) in review documented various crops that benefit from insect 
pollination. Williams (1994) assessed the pollinator needs of 264 European crops and concluded that 
84% of these depended to some extend on animal pollination. In the tropics, insect pollination 
increases fruit and seed production in 70% of tropical crops (Roubik, 1995). A recent review on 
dependence of crops on pollinators worldwide showed that 87 out of the 124 leading food crops are 
dependent on animal pollination (Klein et al., 2007). Pollinators are thus very essential for 
sustainable food production for the human population worldwide. In Kenya as in other developing 
nations, pollinators’ role in crop production for most important crops is not well known (Rodger et 
al., 2004). Available studies include, watermelon (Njoroge et al., 2004), bottle gourd/dudhi 
(Morimoto et al., 2004), tomatoes, capsicums, passion fruits, pumpkins (Kasina, 2007), eggplant 
(Gemill-Herren and Ochien’g, 2008), sunflower (Nderitu et al., 2008), and papaya (Martins and 
Johnson, 2009). Elsewhere, following appreciation of the significant role pollinators play in 
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increasing fruit/seed set and quality, managed pollination service has become an essential factor in 
the production of some crops such as clover seed, tomatoes and straw berries (Delaplane and Mayer, 
2000). The flagrant paucity of information on crop pollination requirement could be a limiting factor 
in agricultural production. 
 
2.3 Pollinators and food security 
Pollinators are important in increasing yield of horticultural crops, and pastures which are 
critical to the maintenance of health, nutrition, food security, and farmer’s incomes. Estimations 
indicate that, pollinators contribute 35% of the world’s crop production, and increase outputs of 87 of 
the leading crops worldwide (Klein et al., 2007). Eilers et al. (2011) reported that those crop plants 
that depend fully or partially on pollinators contain more than 90% of vitamin C, the whole quantity 
of Lycopene and almost full quantity of the antioxidants β-cryptoxanthin and β-tocopherol, majority 
of lipid, vitamin A and related carotenoids, calcium, fluoride and large portion of folic acid. Yet, 
there is mounting evidence that these pollinators are on the decline (Buchmann and Nabhan, 1996; 
Potts et al., 2010). This calls for urgent measures to address this decline if food and nutrition security 
are to be achieved. In the case of Kenya, intensive and diversified agricultural production is one of 
the strategies that would alleviate food and nutrition insecurity. It can therefore be expected that the 
demand for pollination service will increase as the acreage under intensive agriculture increases and 
new crops are introduced to meet the populations’ food and nutrition needs (Aizen et al., 2008; Aizen 
and Harder, 2009). Pollinator decline is therefore likely to impact negatively on such efforts and lead 
not only to food insecurity but also to malnutrition. Deliberate efforts to conserve and manage 
pollinators are therefore key aspects in the achievement of increased crops yields, food security, 
better nutrition, and better farm incomes and should therefore be rigorously pursued.  
 
2.4 Economic importance of pollinators in agro-ecosystems 
Several assessments have been undertaken on the economic contribution of pollinators to 
agricultural crops. Globally, the annual contribution of pollinators to the agricultural crops has been 
estimated at about US$ 200 billion (Pimentel et al., 1997; Gallai et al., 2009). In the USA, the 
economic value of honeybees as agricultural pollinator has been estimated to be between US$ 1.6-5.7 
billion per year (Southwick and Southwick, 1992), US$ 14.6 billion in 2000 (Morse and Calderone, 
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2000) while in United Kingdom the value is estimated at £ 137.8 million per year on some selected 
crops (Carreck and Williams, 1998). Ricketts et al. (2004) estimated that pollination services from 
tropical forests contributed about 7% (US$ 62,000) to coffee production in Costa Rica. Some of these 
estimates were however based largely on the value of honeybees to agro-ecosystems and do not take 
into consideration other pollinators such as wild bees, hawkmoths, birds, flies that actively visit and 
effectively pollinate some crops. Few studies exist on the economic value of pollination service for 
most African countries. These are for South Africa (Allsopp et al., 2008) and recently for Uganda 
(Munyuli, 2010). In Kenya, Kasina et al. (2009) estimated the economic benefit from bee pollination 
to eight vegetable crops in Kakamega district at US$ 3.2 million. Such monetary value estimates of 
pollination service, are clear facts that could help convince policy makers on the need to conserve 
natural habitats such as forests and form strong basis for pollination research funding considerations. 
Comprehensive evaluation of the economic significance of pollinators to agricultural production in 
Kenya is therefore worthwhile and herein recommended. 
 
2.5 Pollinator diversity, effectiveness, efficiency and managed crop pollination  
Bees, especially solitary and bumblebees, are the most important crop pollinators (McGregor, 
1976; Free, 1993). This is due to their morphological and behavioural adaptations. For example, the 
presence of enormous body hairs, constant nectar and pollen collection for their young, enhances 
their ability to transfer more pollen from anthers to the stigmas of the flowers they visit (Free, 1993; 
Michener, 2000). Honeybees pollinate only 15% of the world’s crops while bumblebees, leaf cutter 
bees, and other solitary bees pollinate the bulk of the remaining crops (Buchmann and Nabhan, 1996; 
Winfree et al., 2008). Other non-bee pollinators are essential pollinators as well. In cacao 
(Theobroma cacao L.: Sterculiaceae) for example, flowers are self-infertile and are exclusively 
pollinated by biting midges of the genus Forcipomyia: Ceratopogonidae (Young, 1994). Similarly, 
papaya (Carica papaya: Caricaceae) is pollinated by the sphingid hawkmoths (Hippotion celerio, 
Nephele comma and Agrius convolvuli (Martins and Johnson, 2009). For many agricultural systems, 
pollinator diversity and abundance are important for improved pollination and increased fruit and 
seed set. Pollinator diversity may not only enhance fruit and seed set but also reduce risks of crop 
loss that may be associated with decline or lack of a pollinator during the crop’s flowering periods 
(Winfree et al., 2007).  
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A wide variety of bee species are known to be efficient and effective pollinators of many 
crops (Richards, 2001; Kremen et al., 2002). Apis mellifera L. is the most commonly used species in 
managed pollination services (McGregor.1976; Watanabe, 1994). This is because they are versatile, 
cheap and easy to manage and are readily brought into the field of flowering crops whenever 
necessary (Delaplane and Mayer, 2000). For some crops however, honeybees is not usually the most 
effective (Westerkamp and Gottsberger, 2000; Kremen et al., 2002). The global decline of bee 
pollinators especially honeybees have highlighted the risks involved on reliance on a single pollinator 
(Winfree, 2008) and the urgent need to evaluate other bee pollinators for managed crop pollination 
(Winfree et al., 2007). Farmers in Kenya seldom practise managed pollination with intention to 
increase crop production. For instance, in the farmlands neighbouring Kakamega Forest, farmers rely 
on feral bees for pollination (Kasina, 2007). In other parts of the world, however, various native bees 
have been evaluated for their pollination effectiveness and developed for manage crop pollination. 
Bumblebees e.g Bombus impatience, B. occidentalis, B. terrestris (family: Apidae) are used in 
greenhouse pollination of tomatoes and capsicum in the USA and Europe. Nomia, Osmia (family: 
Halictidae) Megachile rotundata (family: Megachilidae) are used for commercial pollination of crops 
like alfalfa. Other native bee species including Amegilla (Zonamegilla) holmesi Rayment (family: 
Apidae) are on evaluation for pollination of greenhouse tomatoes in Australia (Bell et al., 2006). 
Unfortunately, for most tropical crops in Africa, Kenya in particular, such data as the diversity and 
effectiveness of pollinators to undertake similar evalutions on crop pollination commercialisation is 
still lacking.  
 
2.6 Threats to pollinator diversity and abundance 
Decline of pollinators have been reported worldwide, and nearly 200 species of wild 
vertebrate pollinators alongside the inverterbrate pollinators may be on the verge of extinction 
(Buchmann and Nabhan, 1996; Kearns et al., 1998; Kevan and Phillips, 2001; Potts et al., 2010). 
Decline in pollinator diversity and abundance will negate the efforts to increase agricultural 
production and maintain healthy ecosystem. A number of possible factors have been suggested, 
including habitat fragmentation (Steffan-Dewenter and Tscharntke, 1999; Aguilar et al., 2006), 
pesticide use (Kearns et al., 1998; Kremen et al., 2002) and introduction of alien plant and insect 
species (Memmott and Waser, 2002, Bjerknes et al., 2007). Others are honeybee diseases and 
insects, for example, the Colony Collapse Disorder (CCD), varroa mite (Varroa destructor) and 
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Nosema ceranae fungus (Buchmann and Nabhan, 1996; Kearns et al., 1998; Kevan and Phillips, 
2001; Potts et al., 2010). Already, varroa mite has been reported in honeybee hives in South Africa 
(Allsopp, 2004) and East Africa (Fazier et al., 2009). Although the effect of the varroa mite on the 
honeybees is still unclear, it is possible that its presence could not only affect crop pollination, but 
would also reduce incomes generated from hive products like honey and beewax.  
Natural habitats such as forests are continually under pressure from increasing demand for 
food production areas and urbanization by the increasing population. Clearing of forests to meet 
these demands, reduces pollinator nesting sites especially soil nesting bees, forage resources and 
instead increases the risks of extinction of both pollinators and the plants that rely on them for fruit 
and seed set (Rathcke and Jules, 1993; Kearns et al. 1998; Cane, 2001; Kremen et al., 2002). Plants 
within fragmented landscapes have been found to have reduced seed set of 50%-60% (Allen-Wardell 
et al., 1998). Extensive monoculture reduces nectar and pollen resources for pollinators (Kearns et 
al., 1998). Furthermore, inadvertent pesticides use may affect pollinator populations and behaviour. 
Insecticide use will kill pollinators; poison their food resources, while herbicides will wipe off plants 
that act as nectar and pollen sources (Johansen and Mayer, 1990; Buchmann and Nabhan, 1996; 
Kearns et al. 1998; Richards, 2001). Fenitrothion insecticide use was directly linked to reduced 
pollinator diversity and abundance and the corresponding reductions in fruit and seed set in blueberry 
in New Brunswick, Canada (Kevan and Plowright, 1995). Invasive plants and insects may displace 
native nectar and pollen resources and result into competition for nectar and pollen resource with the 
native species while the latter may cause proliferation of weeds (Stout et al., 2002). Introductions of 
Bombus terrestris into Israel for example, negatively affected the populations of native bee species 
especially Apis mellifera because of competition for food resources (Dafni, 1998). Although studies 
on the effct of climate change on pollinators are still scarce, a recent review by Kjøhl et al. (2011) 
indicated that, climate change might severely affect pollinators and result into poor crop yield. 
Increases in temperature and reduced rainfall may cause both temporal and spatial mismatches 
between pollinators and crops; plants may experience reduced insect visitations while pollinators 
may lack the nectar and pollen resources (Memmott et al., 2007; Hegland et al., 2009).  
Due to the significant role played by pollinators in agro ecosystems, such reductions in the 
diversity and abundance of bee species leads to reduced crop yields and quality (Potts et al., 2010) 
e.g passion fruits in Central America (Roubik, 1995) and watermelon in the USA (Kremen et al., 
2002). With the increasing dependence of crops on pollinators parallel to the global trend of decline 
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of pollinators (Aizen et al., 2008), crop productivity and food security may be threatened (Allen-
Wardell et al., 1998). It is therefore important to identify these crops’ pollinators, their food resource 
and nesting requirements to enable better management and policy formulations that would 
sustainably maintain their populations, increase crop production, and maintain healthy ecosystems. 
 
2.7 Problem statement  
Very little information exists on the pollination of many horticultural crops in Africa (Rodger 
et al., 2004). In Kenya, for example, only a few studies are available to demonstrate that pollinators 
are essential for fruit and seed set, consequently yield of many crops. But, for some crops, even in the 
presence of high fertilizer use little or no yield will be realised without pollinators. The study by 
Njoroge et al. (2004), revealed that watermelon (Citrullus lanatus Thunb. Cucurbitaceae) relies 
heavily on pollinators for fruit set and quality. Nderitu et al. (2008) indicated that pollinators not only 
influenced the seed set but also the oil quantity in sunflower (Helianthus annuus L.: Asteraceae). 
Kasina (2007) found out that crops grown in the farmlands of Kakamega Forest e.g passion fruits and 
squash depended heavily on pollinators for fruit set. Whenever pollination studies exist, comparison 
on pollination effectiveness among the floral visitors is often lacking. For African Indigenous Leafy 
Vegetables (AILVs), no information on pollination or pollinators exists. More information on the 
role of pollinators in crop production is necessary for better policy formulations and conservation 
strategies.  
In addition, the increasing shift from open field fruit and vegetable production to 
greenhouses, present an increased need for managed crop pollination. These conditions exclude 
insects such as bees, and fruit set and quality is low probably due to insufficient pollination. There 
are no reports of managed pollination under such conditions in Kenya. In fact, farmers when 
considering crops to grow under greenhouse conditions rarely consider the pollination needs of the 
crops. For example, high pollinator dependent crops like watermelon or courgette are grown under 
these enclosures without any pollinator. Consequently, even after such a high investment endeavour, 
farmers still record losses due to flowers not setting fruits. Reasons for this include lack of public 
awareness on pollination issues, lack of information on the effective pollinators and their nesting 
habits and their possible management for enhanced crop pollination. Introduction of new crops like 
vanilla requires the government’s investment in screening of the most efficient pollinator amongst 
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the array of native bee pollinators we have. Its pollinator, the stingless bee Melipona is absent in 
Kenya and its fruit production exclusively relies on hand pollination which forms the bulk of its 
production costs. Furthermore, with the increasing acreages under agricultural production coupled 
with the global decline of pollinators, the demand in pollination and pollinators will soon be 
overwhelming. It is therefore necessary to document these pollinators and evaluate their effectiveness 
for future breeding and utilization in managed pollination. Finally, estimations for the economic 
value of polinations service to agricultural production may create awareness of the essential role 
played by pollinators and invoke positive reactions in terms of willingness of the government to fund 
pollination research studies and to formulate supportive pollinator conservation policies for 
sustainable agricultural production and ecosystem maintainence. 
 
2.8 Study Area: Kakamega forest farmlands  
The study was conducted within the farmlands around Kakamega forest located between 
latitudes 00° 08′ 30.5″N (41 236 in UTM 36 N) and 00° 22′12.5″N (15 984) and longitudes 34° 46′ 
08.0″ (696 777) and 34° 57′ 26.5″ E (717 761) and altitude of about 1,500 to 1,700 m above sea level 
(KIFCON, 1994) (see Fig.2.1). The farmlands of Kakamega forest consist of rich agricultural soils, 
and the high rainfall of about 2,000 mm is well distributed through the year. Peak rainfall occurs in 
April-May (long rains) and October-November (short rains) with mean monthly temperatures range 
from 11°C to 29°C with an average daily temperature of 22°C (Jaetzold and Schmidt, 1982). The 
forest is an important habitat for a large number of rare animal and plant species, some of which are 
endemic (KIFCON, 1994). It also offers a range of ecosystem services that are rendered to farmlands 
by wild flora and fauna, including pollination, seed dispersal, nutrient cycling, and soil conservation 
(BIOTA, 2004). This rich biodiversity is at jeopardy due to habitat fragmentation, mainly due to 
human encroachment for agriculture, leading to degradation of natural habitat and its biodiversity. 
Agricultural production in the farmland area is characterised mainly by small scale farming with 
small land units of 0.2 ha to 0.7 ha per household (MOA, 2010). Sugarcane is the most dominant 
cash crop while other crops include maize, beans, pumpkins, vegetables such as Brassica spp. and 
African Indigenous Vegetables (AILVs) for example, Cleome gynandra, Crotalaria brevidens and 
Solanum scabrum and fruits that are mainly for the farmers’ household food requirements. 
Beekeeping in Kakamega District is conducted on a small-scale basis only, without high commercial 
intention. Farmers construct hives, but do not rear queens or colonies, thus rely on feral honeybee 
 colonies to enter the hives (Hagen and 
feral bees or the many solitary bees for pollination 
the pollination service (Kasina, 2007).
Gikungu (2006) recorded more than 234 bee species vis
adjacent farmlands. Some of these bee species, for example 
for their nesting site and pollinated important crops such as passion fruits in the farmland region 
(Kasina, 2007). The farmland landscapes consist of 
margins with diverse flowering plants
(nectar and pollen) for various species of bee pollinators
pollination, management of these landscapes is important (Kasina, 2007). 
 
Figure 2.1: Map of Kenya showing location of Kakamega forest. Landsat ETM+ (7) satellite image (5
bands 5/4/3, contrast enhanced) of Kakam
BIOTA-E02, G. Schaab, Karlsruhe, Germany).
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Millenium Development Goals (MDGs) by the year 2015 (UN Millenium Project, 2005). Intensive 
agricultural production is one of the ways of ensuring food security and nutrition. However, this may 
only be achieved if pollinators are available both in abundance and diversity. This is true for crops 
that rely heavily on pollinators for fruit set for example, fruits and vegetables. Research scientist, 
breeders, and policy makers alike have ignored pollination needs of most of these crops. For 
instance, pollination needs of some important AILVs such as spider plant (Cleome gynandra L.: 
Cleomaceae), slender leaf (Crotalaria brevidens Benth: Fabaceae) and broad-leafed African 
nightshade (Solanum scabrum Mill: Solanaceae) are still unknown. This is unlike most vegetables 
whose pollination needs are contained in the review by McGregor (1976). Contrasting to reports that 
crop yield may be compromised without pollinators, efforts aimed at increasing food production have 
focused more on other inputs of production such as water, fertilizers, and crop protection against 
insect pests and diseases. To improve production of these crops, it is important that their pollinators 
be identified and conservation strategies formulated for the sustainable management of the 
pollinators. Already, there are global concerns that pollinator are on the decline. This study therefore 
aimed to provide more information on the pollination and pollinators of various vegetable crops 
including the AILVs and document their effectiveness on the fruit and seed set of the vegetable 
crops. The results will be of importance and contribute to the knowledge on pollination and 
pollinators of crops in Kenya. 
 
2.10 Study objectives  
The overall objective was to document the pollinator diversity range for the study crops, their 
effectiveness, and potential in the pollination of greenhouse crops in Kenya. To achieve this, several 
specific objectives were formulated. 
1. Describe the floral morphology and pollination needs of the African Indigenious 
Leafy Vegetables (AILVs) and evaluate the role of pollination on the quality of seed 
for the AILVs. 
2. To assess the diversity and effectiveness of pollinators of selected vegetable crops 
grown in the farmland neighbouring Kakamega Forest, Western Kenya. 
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3. To evaluate the potential of different bee species for pollination of greenhouse 
tomatoes in Kenya. 
4. Undertake a national economic analysis of the contribution of pollinators to 
agricultural production.  
 
2.11  Research questions 
1. Do the AILVs flower morphologies hint at any specialised pollination? 
2. Do fruit set, seed set and quality of the AILVs depend on insect pollination? 
3. How does the distance from the forest edge influence fruit and seed set for spider 
plant (Cleome gynandra)? 
4. Are vegetable crops in the farmlands neighbouring Kakamega forest pollen limited? 
5. Who are the pollinators of these crops? 
6. Which of the pollinators is most effective and efficient in the pollination of these 
crops? 
7. How do stingless bees species; Meliponula bocandei, M. ferruginea and honeybees 
(Apis mellifera L.) compare in foraging behaviour on tomatoes flowers under 
greenhouse conditions? 
8. Does temperature and humidity affect bee behaviour and foraging under greenhouse 
conditions and if so, how? 
9. Which of the bee species has potential as alternative to the current manual vibration 
of tomatoes for better fruit set?  
10. What is the effect of supplementary pollination using different bee species on fruit set 
and quality? 
11. What is the value of pollinators to agricultural production in Kenya and what are the 
future research and management implications? 
 
2.12 Thesis structure  
The first chapter of this thesis gives an overall summary of the study, highlighting the key 
findings. This is followed by a review of literature on the area of the study given in chapter 2. In the 
third chapter, I focused on the pollination needs of selected African Indigenous Leafy Vegetables 
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(AILVs). Here, AILVs refer to, spider plant (Cleome gynandra L.: Cleomaceae), slender leaf 
(Crotalaria brevidens Benth: Fabaceae), broad-leafed African nightshade (Solanum scabrum Mill: 
Solanaceae). Their different pollination syndromes as depicted from the floral morphology as well as 
the influence of pollination on quality of the seeds are elucidated. The influence of the location of 
seed production sites in relation to distance from natural habitats such as forests was also 
investigated.  
The fourth chapter, focused on the diversity of floral visitors of horticultural crops including 
the AILVs grown around Kakamega forest. Experiments were further performed to compare the 
effectiveness of these floral visitors on the seed set of the test crops. This would be necessary for 
future study of nesting biologies, mass culture, and management of the effective pollinators for 
enhanced crop production.  
The fifth chapter therefore, focused on the evaluation of the potential of three native bee 
species: (1) honeybee (Apis mellifera) Hymenoptera: Apidae), two stingless bees (2) Meliponula 
bocandei (Hymenoptera: Apidae) and (3) Meliponula ferruginea (Hymenoptera: Apidae) for the 
pollination of greenhouse tomatoes.  
Despite evidence that for most crops yield increases in the presence of pollinators, crop 
pollination research and pollinator conservation are hardly considered. In order to be able to convince 
farmers, the public and policy makers on the importance of conservation of pollinators as well the 
need of investment in research and development in pollination studies, a national economic 
evaluation for the contribution of pollination service to Kenya’s Agriculture was performed in 
chapter six of this study. 
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3. POLLINATION NEEDS AND SEED QUALITY OF SELECTED 
AFRICAN INDIGENOUS LEAFY VEGETABLES IN 
KAKAMEGA FOREST FARMLANDS 
3.1 Introduction  
African Indigenous Leafy Vegetables (AILVs) are important source of nutritious foods and 
form one of the main components of the household daily diets both in the rural and urban areas of 
Kenya. The leaves and tender shoots are consumed cooked in meals. They contain high levels of 
beta-carotene, vitamin C and moderate levels of calcium, magnesium, and iron micronutrients 
(Mnzava, 1986; 1990; Maundu et al., 1999; Abukutsa-Onyango, 2003; Lyimo et al., 2003) (Table 
3.1). They play a significant role in ensuring food and nutrition security for both rural and urban 
populations. They are also alternative sources of income generation for the subsistence farmers and 
contribute significantly to the horticultural sector. A total of 158,000 metric tons worth about US$40 
million of AILVs fresh leaves were produced in 2009 (MOA, 2010). Spider plant (Cleome gynandra 
L.: Cleomaceae), slender leaf (Crotalaria brevidens Benth: Fabaceae), and broad-leafed African 
nightshade (Solanum scabrum Mill: Solanaceae) are some of the most important of AILVs species in 
Kenya (Chweya and Mnzava, 1997; Schippers, 2000).  
 
Table 3.1: Nutrient composition of dried leaves of selected African Indigenous Leafy Vegetables  
 
Vegetable name  Vitamin C 
(mg/100g) 
Protein 
(%) 
Crude fibre 
(%) 
Fat 
(%) 
Calcium 
(mg/100g) 
Iron 
(mg/100g) 
Vine spinach (Bacella alba) 98.7 5.0 1.5 0.7 250.0 4.0 
Nightshade (Solanum nigrum) 234.5 1.0 0.8 0.2 66.8 2.5 
Spider plant (Cleome gynandra) 89.6 1.5 0.8 0.3 40.5 0.8 
Amaranth (Amaranthus spinosus) 249.0 4.6 1.6 0.6 43.2 3.8 
Amaranth (Amaranthus hybridus) 58.1 4.8 1.5 0.6 246.8 2.9 
Jute mallow (Corchorus sp.) 143.9 4.2 1.9 0.7 112.1 4.0 
Slender leaf (Crotalaria brevidens) and cowpea leaves (Vigna unguiculata) not included. Adapted from Lyimo et al. (2003). 
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3.1.1 Spider plant (Cleome gynandra L.: Cleomaceae) 
Spider plant (Cleome gynandra L. syn. Gynadropsis gynandra L. Briq.), also known as ‘cats 
whiskers’ was until recently placed in the family Capparaceae but was later assigned to its own 
family, the Cleomaceae which consists of about 180-200 species most of them occuring in the 
warmer regions of the world (Hall et al., 2002; Sanchez-Acebo, 2005). Cleome is native to the 
tropical Africa and Central America (Chweya and Mnzava, 1997; Schippers, 2000). In Kenya, C. 
gynandra is utilized as a leafy vegetable. Normally, young shoots and leaves are sold in bundles in 
the grocery market and supermarkets. More recently, C. gynandra has been reported to have 
insecticidal, anti-feedant and repellent characteristics for the control of aphids, thrips, diamondback 
moth and red spider mite populations in greenhouse production systems (Nyalala and Grout, 2007).  
Many Cleome species are protandrous, requiring cross-pollination (Chweya and Mnzava, 
1997). Self compatibility has been shown in Cleome afrospina (Iltis, 1967). Both self and cross-
pollination have been shown to occur in C. gynandra (Omondi, 1990). In the same study, he 
observed that the high rate of out-crossing could have been a result of high phenotypic variability and 
the fact that anthers dehisce when flowers have been opened for a long time and their stigmas 
exposed and suggested that honeybees, spiders and perhaps even wind could be potential pollinators. 
The time of anther dehiscence, stigma receptivity and the flower morphology was not mentioned. 
Flower morphology of C. gynandra reveals a “phalaenophily” pollination syndrome as 
described in Faegri and van der Pijl (1979). The flowers are faintly coloured or white with nocturnal 
anthesis and produce conspicuous amounts of dilute nectar. In South Africa C. gynandra is 
reportedly pollinated by unidentified ants (Makgakga, 2004). It is likely that the ants collected nectar 
only and were not responsible for any pollination. A study on Cleome spinosa in Brazil by Machado 
et al. (2006), recorded glossophagine (Glossophaga soricina) and phyllostomine (Phyllostomus 
discolour) bats as the major pollinators while sphingid moths Agrius cingulata and Erinnyis ello 
were considered as nectar robbers. Nectar collecting bats are absent in Kakamega and sphingid moths 
could be the most likely pollinator. In another study on Cleome lutea and C. serrulata, Cane (2008) 
indicated the flowers to be receptive nocturnally, but diurnal floral visitors Apis mellifera, Megachile 
rotundata, wasps, butterflies were credited as pollinators but ironically, no nocturnal visitors were 
observed. Mnzava (1986) related the low seed yield in Zambia with intermittent sterility, 
indeterminate flowering and consequent seed shattering and a pest complex that caused poor silique 
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set and seed set. Physiological maturity, temperature and light have also been reported to have 
influence on germination of C. gynandra (Ochuodho and Modi, 2005, Ekpong, 2009). This study 
therefore describes the pollination needs of C. gynandra and evaluates the effect of pollination on the 
seed set and quality. In addition, other factors such as increased distance from natural habitats is 
known to reduce fruit set and quality of hawkmoth pollinated crops e.g papaya (Martins and Johnson, 
2009). It could be possible that the location of the seed production site from a natural habitat such a 
forest would greatly influence seed set of other hawkmoth pollinated crops. To verify this, a transect 
study was undertaken to find out if the distance from the natural habitat such as forest would 
influence the resultant seed set of C. gynandra. This is essential as habitat management is a practical 
means to encourage the abundance of such wild pollinators in the farmlands.  
 
3.1.2 Slender leaf (Crotalaria brevidens Benth: Fabaceae)  
Slender leaf or Ethiopian rattlebox (Crotalaria brevidens Benth syn. Crotalaria intermedia 
Kotschy) is one of the most important African Indigenous Leafy Vegetables (AILVs) (Chweya and 
Mnzava, 1997; Schippers, 2000; Abukutsa-Onyango, 2003). Crotalaria is native to Africa with over 
400 species found in Eastern and Southern Africa (Polhill, 1982). Two of these species are 
commonly referred to as slender leaf: C. brevidens and C. ochroleuca are utilised as vegetables 
(Schippers, 2000; Abukutsa-Onyango, 2003). Other than its high nutritive value, other uses include 
nitrogen fixing in intercrop, as companion crop for suppressing root-knot nematodes and the suicidal 
germination of Striga, a major weed in maize and millet production systems (Schippers, 2000; 2002; 
Abukutsa-Onyango, 2004).  
Breeding experiments have demonstrated that plants in the genus Crotalaria are self 
compatible (Etcheverry, et al., 2003; Jacobi et al., 2005) and capable of spontaneous self-pollination 
(Endress, 1996). However, spontaneous self-pollination does not occur unless the stigmatic surface 
has been stimulated by specific pollinators that combine strength and behaviour to expose the 
reproductive structures (Free, 1993). In a review of crop pollination and pollinators, McGregor 
(1976) noted that lack of pollinators probably helped to explain why in some parts of India few 
flowers of Crotalaria juncea set seed. Also, Nogueira-Couto et al. (1992) in Orwa et al. (2009) 
reported that in Brazil when pollinators were absent, C. juncea did not produce any pods. Usually 
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pollen is concealed and presented secondarily when legitimate pollinators, typically large bees strong 
enough to depress the keel, expose the stigma and push out a mass of pollen grains (Endress, 1996; 
Westerkamp, 1997). Several species both from medium to large bee species have been recorded 
visiting other Crotalaria sp. These include; Xylocopa frontalis and X. grisescens on Crotalaria 
juncea (Nogueira-Couto et al., 1992 in Orwa et al., 2009) and C. retusa, C. pallida and C. lanceolata 
(Jacobi et al., 2005), Epanthidium erythrocephalum and Pseudocentron sp. (Megachilidae) on C. 
stipularia (Etcheverry, 2001). McGregor (1976) pointed out that many authors found Apis mellifera 
to be good pollinators of Crotalaria spp. Nogueira-Couto et al. (1992) in Orwa et al. (2009) 
indicated the need for pollinators in Crotalaria; when pollinators were absent the plant did not 
produce pods. While a lot of work has been done to demonstrate the importance of pollinators in 
other Crotalaria species, little research has been done on the pollination biology and ecology of C. 
brevidens. This is despite the fact that such information is essential if effective breeding and 
increased crop production is to be realized in the species. This study aims at providing information 
which could contribute to the better understanding of the pollination biology and ecology of C. 
brevidens.  
 
3.1.3 Broad-leafed African nightshade (Solanum scabrum Mill: Solanaceae)  
Broad-leafed African nightshade (Solanum scabrum Mill) belongs to the Solanaceae family. 
It is a common vegetable in the lowlands and highlands of West and East Africa but with a wide 
range diversity occurring in the warm humid belt of West and Central Africa (Schippers, 2000). 
Other uses include herbal medicine using leaf extracts as treatment for various stomach infections 
including stomach ulcers and stomach-ache and fodder for cattle and goats (Schippers, 2000). 
Flowers of S. scabrum are mainly self-pollinating but with low level of out-crossing (Fontem and 
Schippers, 2004).  
Solanaceous flowers only offer pollen and not nectar to floral visitors (Mc Gregor, 1976; 
Free, 1993). Usually, pollen is contained in sac-like poricidal anthers characteristic of buzz-
pollination and pollen can only be removed from the anthers by thoracic muscle vibration of bees 
(Buchmann, 1983). Depending on the flower morphology, spontaneous self-pollination may be 
favoured in short-styled flowers (Free, 1993). On the other hand, in the case of long-styled flowers, 
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more cross-pollen is likely to be deposited on the stigma due to contact with the floral visitor’s body. 
Fontem and Schippers (2004) reported the flowers of S. scabrum to have long styles (3-4.5 mm) with 
relatively short anthers (2-3 mm). It is speculated that floral visitors may improve fruit and seed set. 
Floral visitors so far recorded include honeybees, and bumblebees and black syrphid flies. However, 
to date, no studies have investigated the pollination needs of this vegetable. Low seed germination 
has been attributed to low vigor due to improper seed extraction (Schippers, 2000). This study will 
investigate the role of pollinators on the seed set and quality of this vegetable. 
 
Despite the fact that AILVs are integral part of agricultural systems and food diets, most 
African countries have not given them priority in crop development. Lack of seeds, poor and delayed 
seed germination are some of the production bottlenecks (Chweya and Mnzava, 1997, Abukutsa-
Onyango, 2007). In the recent past, consumers have become increasingly aware of the nutritional and 
medicinal value of AILVs. This has led to a rise in demand especially in major urban centres, 
however, the supply of these vegetables is far too low to meet this growing demand. Since 
commercial seed production systems is undeveloped for these crops in Kenya, growers rely on seed 
collection from fruiting plants. In addition, there has been no research to understand reproductive 
needs for these AILVs. This study was therefore carried out to determine the pollination needs of 
these AILVs and measured their degree of dependency on pollen vectors for fruit set, seed quality 
and reproductive success. 
 
3.2 Materials and Methods 
3.2.1. Study site and test crop planting  
The research study was carried out within the farmlands surrounding Kakamega forest in 
Kenya. The experiment was conducted during the long rains season (April-May) in 2009 and 2010. 
Seeds of three African Indigenous Leafy Vegetables, (1) spider plant (Cleome gynandra L.: 
Cleomaceae), (2) slender leaf (Crotalaria brevidens Benth: Fabaceae), and (3) broad-leafed African 
nightshade (Solanum scabrum Mill: Solanaceae) were collected from Jomo Kenyatta University of 
Agriculture and Technology (JKUAT). The choice of this source of seed was influenced by the fact 
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that the Horticulture Department of JKUAT is responsible for the production of quality seeds for the 
conservation of AILVs as one of its focus areas. A spacing of 60 cm by 120 cm in a 10 m by 10 m 
field was used for all the AILVs. At planting, DAP fertilizer was applied at a rate of 100 kg ha-1, each 
plot received 1 kg of DAP. Seeds of C. brevidens were sown on the 4th April 2009 while S. scabrum 
on the 15th April 2009 and C. gynandra on the 31st March 2010. Two to three seeds were planted per 
hole but later thinned to one plant per hole after seedling emergence. Weeding was done every three 
weeks using hand held hoes. Insect pests and diseases were controlled using appropriate insecticides 
and fungicides whenever necessary. These sprayings were done late in the evening at the end of the 
week outside data collection days. Flowering first occurred in C. brevidens on 10th June 2009, in S. 
scabrum on 17th June 2009 and in C. gynandra 11th May 2010. 
 
3.2.2 Flower morphology, nectar standing crop, concentration and pollination 
needs of African Indigenous Leafy Vegetables 
Flower morphology, nectar standing crop and concentration 
In each case, days to flowering and the duration during which the flowers remain open were 
recorded. Flower morphology in relation to pollination was described and nectar standing crop 
production measured. Days to flowering were defined as the number of days from germination to 
when 10% of the plant populations flowered. Nectar standing crop on the hand was defined as the 
amount of nectar available to pollinators at a single point in time. It was measured from randomly 
selected flowers using micro-capillary tubes. The length of the nectar in the capillary tube was 
measured using a digital vernier calliper and recorded. Nectar volume was calculated as indicated in 
Cruden and Hermann (1983). For the measurement of solute concentration (percentage sucrose 
equivalents on a mass basis), the nectar was deposited on the low-volume field hand held 
refractometer (0–50%, Bellingham and Stanley, Norcross, Georgia, USA) prism and the percent 
sucrose concentration recorded. 
Two flower types, staminate and pistillate flowers were observed on Cleome gynandra, 
therefore, it was necessary to find out the differences in morphologies and their role in pollination of 
this crop. Further descriptions were made on the length of androgynophore, gynophores, and stamens 
in both flowers types. Fresh flowers were collected and the length of the androgynophore, 
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gynophores and stamens were measured using a digital calliper then rounded off to 0.01 mm. C. 
gynandra flowers attracted high number of illegitimate flowers visitors especially honeybees that 
collected both nectar and pollen. The effect of the illegitimate visitors on nectar volume was 
determined by simulating illegitimate nectar removal. Randomly selected flowers (n = 24) were 
guarded from bee visits and labeled. Then, nectar was extracted using 1 µl micro-capillary tubes and 
measured from the same flowers every 1 hour beginning 1700 hours to 2000 hours. 
Pollination needs of African Indigenous Leafy Vegetables 
To find out the pollination needs and the dependence of the various AILVs on pollinator, 
appropriate pollination treatments were performed and allocated in Complete Random Design (CRD) 
to the different AILVs flowers. They were carried out depending on the pollination syndrome 
exhibited by the different AILVs flowers. Cleome gynandra exhibited phalaenophily pollination 
syndromes (nocturnal pollination by moths) while Crotalaria brevidens and Solanum scabrum 
displayed melittophily pollination syndrome (pollination by bees). 
Due to the different flower morphology and pollination syndrome exhibited by C. gynandra 
flowers, the following pollination treatments were carried out on pistillate flowers. (1) Hand cross-
pollination at dusk (HCPD) was performed between 1900 and 2000 hours by dubbing pollen from 
fully opened anther on the stigma of a different plant, then the anthers on the treated flower were cut 
off using a pair of scissors and the flower bagged immediately using fine mesh bag to exclude 
pollinators. (2) Hand cross-pollination at morning (HCPM), was performed between 0600 and 0700 
hours by dubbing pollen from fully opened anthers on the stigmas of a different plant, then the 
anthers on the treated flower were cut off using a pair of scissors and the flower bagged immediately 
using of 1mm netting to exclude pollinators. (3) Hand self-pollination was carried out at dusk (HSP) 
stigmas were dusted with pollen from anthers of the same flowers and the pollinated flowers bagged 
to exclude pollinators. (4) Bagging throughout (BT) (to test the possibility of autogamous 
pollination) was performed by covering flowers with fine mesh to exclude pollinators, in (5) diurnal 
pollination (DP) where flowers were opened from 0600 to 1800 daily for access by the diurnal 
pollinators but bagged from 1800 pm to 0600 hours to exclude nocturnal pollinators, (6) nocturnal 
pollination (NP) flowers were excluded from visitors from 0600 hours to 1800 and only allowed 
pollinator visitations from 1830 to 0600. (7) Open pollination (OP - control) where the flowers were 
tagged and left open both day and night.  
23 
 
Pollination treatments performed for C. brevidens and S. scabrum were as follows, (1) open 
pollination (OP - control) with unrestricted visits by the pollinators, (2) bagging throughout (BT) 
where pollinators were excluded by covering the flowers with fine mesh bags throughout the 
observation period, (3) hand self-pollination (HSP) where were hand pollinated using pollen from the 
same flower then bagged using fine mesh material to exclude any further visits, (4) hand cross-
pollination (HCP) where flowers were hand pollinated using pollen from the same flower then 
bagged using fine mesh material and (5) pollen augmentation (PA) flowers were hand cross-
pollinated and then left open allowing for further unrestricted visits.  
In all the above treatments, bagging materials were removed after fruit set to allow for fruits 
to develop and mature. Yield parameters, fruit weight and length, number of mature and deformed 
seeds per fruit and weight of dry mature seeds were recorded. The fresh mature seeds were sun dried 
under the shade for 7 days to lower the seed moisture level and later dried in the oven at 40°C for 6 
hours. They were then measured to get dry seed weight (g). 
 
3.2.3 Dependence of African Indigenous Leafy Vegetables on pollinators for 
seed set 
Dependence of AILVs on pollinators for seed set was determined using established 
procedures by Morse and Calderone (2001) simply expressed as: 
   
  
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Where: 
D => ratio that ranges from 0 to 1 denoting the contribution of pollinators to crop yield,  
Yub => are yields of the crop obtained from plots that are freely accessed by insect 
pollinator, 
Yb => are yields of the crop obtained from plots that are not accessed by insect pollinators. 
24 
 
Zero (0) value implies there is no (negligible) additional yield gain from pollinated flowers 
compared to the yield obtained from un-pollinated flowers, and hence pollinators may not be 
required while one (1) means that without pollinators the crop cannot reproduce.  
 
3.2.4 Effects of pollination treatments on seed germination rate and total 
reproductive success (%) of African Indigenous Leafy Vegetables 
Seeds from the same treatment were pooled together. Fifty (50) seeds were randomly selected 
to form a single replicate. Each pollination treatment was replicated 4 times. The seeds were placed 
on top of blotting papers in Petri-dishes then moistened with distilled water and kept under room 
temperature. Water was added as needed and the number of germinated seeds counted for a period of 
10 days starting from the next day after treatment initiation. The percent germination was calculated 
as the total number of germinated seeds relative to total number of seeds initiated. Total reproductive 
success (%) was calculated as the product of the fruit set (%), seed rate (%) and the germination rate 
(%) per treatment. Since the number of ovules per flower that would set seed was not determined for 
the AILVs, it was assumed that, the pollination treatment with the highest number of mature seeds 
per flower was the maximum possible seed set. Seed rate was then calculated as the highest number 
of mature seed set in this pollination treatment in relation to the other treatments. Total reproductive 
success indicates the total viable seeds per flower by a given pollination treatment. 
 
3.2.5 Influence of natural habitat on the seed set and quality of Cleome 
gynandra  
To evaluate the role of the Kakamega forest on the hawkmoth pollination and the resultant 
seed yield and quality, a line transect at 0, 0.5, 1.0, 1.5, 2.0, 4.0, 8.0 km from Kakamega forest edge 
was developed. At each site, C. gynandra was maintained as 30 potted plants. These were maintained 
throughout the period following recommended agronomic practices. At flowering, 20 flowers were 
randomly tagged. At maturation, the siliques were harvested then the length and weight measured. 
The total number of mature and deformed seeds as well as seed weight per silique was recorded. 
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3.2.6 Data analysis 
All data were analysed using the General Linear Models procedure (GLM) (SPSS version 
19). One-way Analysis of Variance (ANOVA) was done to compare differences between the 
pollination treatments at 95% significance level. The means were separated using the Student-
Newman-Keuls (S-N-K). Pearson correlation test was performed at 95% significance level, to find 
out the effect of time of nectar removal by illegitimate floral visitors and the amount secreted in 
Cleome gynandar flowers. In addition, simple linear regression analysis was conducted at 95% 
significance level to investigate the influence of the distance from the natural habitat (forest) on the 
seed set for C. gynandra. The results were considered significant when p ≤ 0.05, highly significant if 
p ≤ 0.001, marginally significant if 0.10 ≥ p ≤ 0.05. 
 
3.3 Results 
3.3.1 Flower morphology, nectar standing crop, pollination needs and seed 
quality of spider plant (Cleome gynandra L.) 
Flower morphology and nectar standing crop of Cleome gynandra 
Flowering started on the 11th May 2010; 30 days from seedling emergence. C. gynandra is 
andromonoecious with both hermaphrodite and staminate flowers within one individual 
inflorescence. Both flower types provide nectar and pollen as rewards and are only opened for one 
day. Hermaphrodite flowers have six long stamens and one long gynoecium (functional) (see Figure 
3.1a) while staminate flowers have six long stamens with a rudimentary gynoecium that aborted the 
next day after flower opening (see Figure 3.1b). In both cases the anthers are held away from the 
sticky gynoecium. Though not measured in this study, by dusk 1845 hours, the flowers are luminous 
white with a lot of nectar at the petal bases (Figure 3.1c) with conspicuous amount of orange 
coloured dehisced pollen observed on the anthers (Figure 3.1d). The flowers gave off a faint sweet 
fragrance by dusk.  
ANOVA result on the floral structures for hermaphrodite flowers as compared with the 
staminate flowers showed significant differences in the length of androgynophore (F1, 41 = 211.733, p 
= 0.000), length of gynophore (F1, 41 = 396.596, p = 0.000), but not stamen length (F1, 18 = 1.006, p = 
